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A case–control study of the car-free model housing project in Vienna was conducted to
evaluate whether people living in this settlement have more ‘sustainable lifestyles’ than
people living in comparable buildings in Vienna. Another aim was to identify the lifestyle
characteristics and household activities which significantly influence the environmental
impact of the residents of the car-free housing project and a control group. The control
group, referred to as the reference settlement, was chosen from a nearby building complex,
with similar characteristics, but without the car-free feature. Household consumption
patterns were estimated based on interviews in combination with data from the Austrian
consumer expenditure survey and the national accounts. The evaluation of household
environmental impacts uses emissions estimates from the Austrian national accounting
matrices including environmental accounts and data from life-cycle assessments.
Households from the car-free settlement have substantially lower environmental impacts
in the categories of ground transportation and energy use; their CO2 emissions of these two
categories are less than 50% of those living in the reference settlement. The households in
the car-free settlement have somewhat higher emissions in the categories air transport,
nutrition, and ‘other’ consumption, reflecting the higher income per-capita. As a result, the
CO2 emissions are only slightly lower than in the reference settlement, but the emissions
intensity is 20% lower. Both household groups have significantly lower environmental
impacts than the Austrian average reflecting less car use and cleaner heating energy in
Vienna.
© 2007 Elsevier B.V. All rights reserved.
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1. Introduction
There is a growing interest in more sustainable lifestyles and
urban forms. Sustainable consumption focuses on more
benign consumption patterns and greener product choices
(Fritsche, 2002; Hertwich, 2005b; Jackson, 2006; United Nations
General Assembly, 1992, 2002). Urban sustainability is inter-
ested in both the liveability of urban environments and in the
effects cities have on resource consumption and pollution
elsewhere (Alberti, 1996; Ravetz, 2000). These efforts presume
that there are lifestyles and urban forms with various degrees
of environmental impacts. There is a need to evaluate different
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alternatives and understand their effect in detail, including
trade-offs between alternatives and associated rebound or
ripple effects (Hertwich, 2005a). A number of different assess-
ment approachesand indicators have beenproposed (Priemus,
2005). The tradition of household environmental impact
assessment goes back to cumulative energy analysis (Bullard
and Herendeen, 1975; Herendeen and Tanaka, 1976; Hertwich,
2005c; Stokes et al., 1994). Lenzen et al. (2004) have shown that
this method can also provide interesting insights into urban
sustainability.
This study investigates differences in the patterns of
consumption between two settlements that are hypothesized
to have different consumption patterns. One settlement has
beenadvertisedas ‘car-free’; the tenantsare contractuallybound
to not own a car and instead have the option to participate in a
car-sharing scheme. The other settlement, in close proximity
andof similarageas the first, isalsoa theme-settlementwith the
title ‘women's workshop’. A shared interest and perspective
among the tenants hence characterizes both settlements.
Car-free housing is often named as an example for
sustainable consumption. With its shared facilities, such as
workshops, laundry room, activity rooms, and playgrounds,
the housing project in Vienna has a good infrastructure for
sustainable consumption (Briceno and Stagl, 2006; Mont,
2004). Car-free housing projects are seen as a way of getting
away from frequent car use and developing more liveable,
pedestrian cities with more public recreational space (Glotz-
Richter, 1995; Scheurer, 2001). They are part of a larger
movement promoting pedestrian zones, home zones (Barrell
andWhitehouse, 2004), car-sharing (Cervero, 2003; Loose et al.,
2006; Prettenthaler and Steininger, 1999), and shifting the
urban transportation mix towards more sustainable modes of
transport (Wright and Curtis, 2005; Zacharias, 2003). Car-free
housing projects have not yet been subject to academic study,
except for the overview by Scheurer (2001) and the documen-
tation of the implementation of a project in the German city of
Freiburg (Fritsche, 2002; Nobis, 2003). Most car-free housing
projects examined by Scheurer comprise a few dozen to
hundreds of flats, sufficient to provide some local infrastruc-
ture, but insufficient to influence traffic density and travel
patterns in the entire neighbourhood. Tenants of these
housing projects voluntarily subscribe to public transport
and giving up their cars. Preisendörfer (2001) investigated
households not owning a car in Germany and found that most
of those households had below average income, which
suggests that the carlessness might have to do with afford-
ability. This is not the case for the households in our samples.
Car ownership influences how people organize their lives,
both daily life routines such as how to do shopping, where and
how to bring kids to various places, how to get to work; and
where and when to engage in leisure activities. It was expected
that the car-free housing project also attracted more environ-
mentally conscious tenants, since it was advertised as ‘car-free’
and as having green features such as roof-top gardens, ponds
(‘biotopes’), andsolarhotwater collectors. Theresearchquestion
is whether there is a measurable difference in environmental
impacts betweenhouseholds owning a car and those that donot
own a car. Do they have systematically different consumption
patterns, and – if so – how large is the difference in environ-
mental impacts? How can this difference be explained?
To answer these questions, household environmental
impact (HEI) canbecalculated.HEI takes intoaccountpressures
onto theenvironmentproducedby thehouseholdsdirectly, e.g.
through combusting gasoline or a heating fuel, and those
ʽindirect' pressures that are connected to the production of
products and services consumed by the household and the
disposal of household wastes (Hertwich, 2005c; Tukker and
Jansen, 2006). The approach used in these studies is based on
combining household expenditure data with emissions inten-
sities of household purchases as estimated by input–output
analysis and life-cycle assessment. It has themerit of providing
an overview over the entire household environmental profile,
including production and disposal processes. Historically, this
approach has focused on energy use and later greenhouse gas
emissions, and only few studies attempt to cover awhole set of
life-cycle impact assessment indicators (Nijdam et al., 2005).
We first included those emissions that are included in the
Austrian environmental accounts: CO2, NOx, AOX, COD, energy
andhazardouswaste. Due to thepoordataquality for anumber
of these indicators, we focus this paper mostly on CO2
emissions. Most studies of household environmental impact
reviewed by Hertwich (2005c) focus on average households
either on a national or regional level. A number of studies
investigate the correlation of HEI with income and other
explanatory variables (Lenzen et al., 2006) or decompose the
changes over time (Munksgaard et al., 2000).
In theory, household environmental impact assessment
should bewell suited to compare different groups of households
and to quantify the environmental benefits brought about by
environmental projects and policies. Policies often focus on a
specific aspect, such as energy or car use, but only an evaluation
based on the entire consumption basket is able to take into
account direct and some indirect rebound effects (Hertwich,
2005a). The use of household impact assessment for the
evaluation of specific projects, policy measures or experiments,
however, is still in its infancy. It requires a combination of
methods from the social sciences and environmental systems
analysis. The only project-related study we are aware of that
uses suchmethods is related to thework in Freiburg (Brohmann
et al., 2002; Fritsche, 2002). That work has mainly emphasized
guiding the development of a housing project and evaluates the
environmental benefits of this project only vis-à-vis a hypothet-
ical reference settlement rather than an actual control group.
2. Research design
Our aimwas to understand the total environmental impacts of
households. It was hence important to distinguish activities
which cause a high impact per unit expenditure from
activities that cause an average or a low impact per unit
expenditure. The emissions intensities for CO2, for example,
vary between 5 and 0.05 kg/€, with the average at 0.45 kg/€
(Haas et al., 2005). The distribution of emissions intensities is
skewed, with a few expenditure categories accounting for
most of the environmental impacts. Many studies have shown
that transportation by cars and airplanes, household energy,
and food are by far the most important contributors to the
overall household environmental impact, with energy, planes
and cars having the highest emissions intensities (Hertwich,
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2005c; Tukker and Jansen, 2006). For the total environmental
impact, it makes little difference whether the household
spends disposable income on furniture (0.20 kg CO2/€),
textiles (0.20 kg/€), watches (0.17 kg/€), or health and social
work (0.16 kg/€). We hence did not try to distinguish such
expenditures. It should be noted that rail bound transport has
emissions intensities (0.2 kg/€ for trains and 0.3 for the
subway and tram system) similar to those of manufactured
goods. From an environmental perspective it hence makes no
difference whether individuals spend their money on train
trips or, say, on furniture.
The studywas also designed to capture key socio-economic
characteristics of households, their environmental motiva-
tion, and household environmental impacts (HEI) (Haas et al.,
2005). A standardized questionnaire as well as qualitative
interviews were used to elicit motivational and social influ-
ences that might explain differences between consumption
patterns in the studies settlements. The research was
conducted in the following phases:
1. Analysis of the household environmental impacts of the
average Austrian household, based on expenditure data
from the national accounts (Kolleritsch, 2004), supplemen-
ted by data from the 2000 Consumer Expenditure Survey
(CES)(Klotz, 2002). Selection of expenditure categories and
variableswhich are important for the overall HEI and hence
to be collected from the households in stage 2.
2. A quantitative survey eliciting overall expenditure and
consumption of environmentally significant goods by
households in the two settlements, plus supplementary
interviews, e.g. with the building management.
3. Calculation of the HEI for each household in the samples.
Comparison of the settlements and their impacts.
4. Qualitative interviews with selected households to inves-
tigate motivations for different types of behaviour relevant
to variations in HEI.
The challenging part of implementing this research design
was to collect data sufficient in quantity and quality to allow a
representative analysis of the residents of each building.
Evaluations of HEI are often based on consumer expenditure
surveys (CES) collected by statistical offices. These detailed
surveys require that respondents record all their expenditures
over a 2–4week period followed by anextensive interview about
larger purchases such as cars and holidays. Records from a
single household are not seen as representative for that
household, but only for the period that was recorded, so that
artificial households are assembled from different records
covering an entire year (Malinvaud, 1980; Aasness et al., 1993).
Since the data quality of the consumption data in the input–
output analysis is better than that in theCES (Kronsteiner-Mann
and Schachl, 2006), that data was preferred for phase 1 and for
the Austrian average, unless the detail of the CES was required.
A detailed assessment of consumer expenditure as it is
contained in the CES was not possible within this study. We
doubt that it would be possible to find a sufficient number of
participants in the respective settlements. We therefore
developed an approach for estimating the household envi-
ronmental impact based on data obtained in a one-hour
interview with the household, including getting access to
utility bills. This approach and the corresponding surveymake
systematic use of existing data, such as building character-
istics. The survey systematically covers households' owner-
ship of other buildings and apartments, appliances, and cars,
including associated energy use and transportation. In addi-
tion, expenditure for food and hotels and restaurants are
recorded. The composition of residual expenditures not
covered in our survey (i.e., the less important in terms of
HEI) was assumed to be similar to the categories in the
household demand vector of the input–output table. The
survey is documented in Haas et al. (2005).
The survey of the car-free housing project was conducted
in the summer of 2004. In total, 42 households of 244 in the
settlement were surveyed. It was much more difficult to find
individuals whowere willing to respond to the survey thanwe
had anticipated. Given this experience, the surveywas slightly
simplified for the reference settlement, in which 46 house-
holds of 357 were surveyed.
Our objective was to study the environmental aspects of
living in a car-free settlement and to understand the environ-
mentally significant effects on other consumption items
(rebound effects) of such a lifestyle choice. We also wanted to
understand some of the social aspects and mechanisms of
living in such a settlement. The novelty of this research lies in
applying techniques of household environmental impact
assessments to studying an individual case of sustainable
consumption (Hertwich, 2005c). We did not attempt to draw a
causal connection between moving to the car-free settlement
and reduced environmental impact. Making such a causal
claim would require a longitudinal survey, which is more
expensive to carry out. Nevertheless, through our question-
naire we do try to get some indication of how people have
changed their behaviour since moving to the car-free settle-
ment. Neither did we attempt to study the travel behaviour of
the residents in great detail; that is, what means of transpor-
tationwere used bywhom,when and forwhat purpose. Such a
studywould require a diary-based approach and could not rely
on a survey alone. While such a detailed travel survey would
provide significant insights, it was not our aim to study
transportation in such a detail. Rather, it was to identify
differences in the household environmental profiles based on
the main consumption items (including transport) with
regards to emission intensities between the car-free settle-
ment and a control group.
3. The two settlements in comparison
Both samples show a similar socio-economic structure, as
Table 1 indicates. The households are of similar size, the
available living space is of similar dimension, and the level of
education of respondents in both settlements is far above the
Viennese average. Because both settlements are relatively
new and located in the same district of Vienna, it is not
astonishing that the selected settlements are inhabited by
people with similar socio-economic and cultural backgrounds.
We observe rather homogenous social milieus.
In both settlements – in the car-free and the reference
project – the average size of households is above the Viennese
average (Table 1). Although large housing projects at the
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periphery typically attract young families, this is only partly
true for our cases. In the car-free settlement, as well as in the
reference project, nearly every second household is childless.
Every fourth household in the car-free project is a single
household. Just asmany households are inhabited by only two
persons. All in all it seems that there are slightly more large
families and in total more children in the reference settlement
than in the car-free project. Nevertheless, there are fewer
singles and more families with children than the Viennese
average.
Respondents in both samples are better educated than the
Viennese population. Especially in the car-free settlement a
high percentage of the inhabitants has a university degree.
The concept of the project – to organize mobility without
private car – was obviously attractive for persons with a high
formal qualification. According to their level of education
people in both settlements are working predominantly in
white-collar jobs. Males could often be found in trendsetting
industries like in IT or higher education. Many of the female
occupants work as school teachers, as office workers, or in the
health care system.
Given the high percentage of well educated people in both
samples it is notable that the average family income in the
selectedsettlements isnotmuchabove theVienneseaverage. In
relation to the number of persons per household it is clearly
below the average. Interesting is also the fact that both samples contain high and low-income households; families with very
different financial resources are living next to each other.
The size of the flats ranges between 50 and 130 m2. The
average size in the car-free project is 86 m2, compared to
82.6 m2 in the reference project. Flats are larger compared to
the Viennese average (70 m2), but per capita the living space is
below average. In the car-free settlement the average living
space is 33.5m2 per person, compared to 30m2 in the reference
settlement. In other words the average ‘consumption’ of living
space in the reference project is 10% below the car-free
settlement and even 20% below the Viennese average.
Equipment ownership is slightly higher in the reference
settlement, except for TV-sets. There are only a few cloth-
dryers (9.5% in the car-free project vs. 6.5% in the reference
settlement). Most households own one or more computers,
and about 75% have a connection to the internet. In the car-
free settlement, only one of the 42 households owns a car;1
whereas in the reference settlement, 67% of the households
own a car, 11% evenmore than one; in comparison, about 81%
of the households in Vienna own a car (MA5, 2006). In both
settlements almost everybody owns a bike.
As expected the results for mobility show significant
differences between the two settlements (see Table 2 for
selected results). Car-free households use public transport,
whereas for the reference-households the car is the most
important means of transportation. Car-free households have
slightly more air trips and longer distances than the reference
group, although the difference is not large. The overall mileage
of the average car-free household – covered by car, train, bus,
ship andairplane –was clearly below the reference group.While
car-free households have travelled an average distance of about
Table 1 – Average household characteristics in the two
samples and Vienna at large
Car-free
project
Reference
settlement
Vienna
Average number of
people per household
2.57 2.76 1.96
Average number of
children per household
0.67 0.91 0.55
Occupation of
respondents
White-collar worker 52.4% 52.2% 25.3%
Blue-collar worker 8.7% 2.5% 13.3%
Civil servant 14.3% 6.5% 13.0%
Self-employed 2.4% 4.3% 5.7%
Retired 11.9% 6.5% 28.8%
In-training 7.1% 8.7% 8.5%
Unemployed 4.8% 4.3% 5.6%
Education
Secondary school 7.2% 8.7% 33.2%
Vocational school 4.8% 15.2% 28.6%
Technical school 4.8% 10.9% 10.6%
A-levels 38.1% 39.1% 15.8%
University degree 45.2% 23.9% 11.8%
Average annual net
income (Euro)
32282 30867 28320
Minimum (Euro) 9100 7000
Maximum (Euro) 72800 75000
Average annual net
income per capita (Euro)
12560 11180 19720
Average size of flat (m2) 86.00 82.60 70.90
Average size per person
(m2)
33.50 30.00 36.20
Minimum (m2) 50 47
Maximum (m2) 130 107
1 This is in violation with the contract, but the householder
argues that he needs it for his job.
Table 2 – Selected information on transport
Selected types of transport Car-free
project
Reference
settlement
Bicycle use—more than
200 days in 2003
36% 9%
Public transit – annual pass
(fraction of individuals)
48% 24%
Austrian railways – discount card 47% 10%
Car
Households with 0 km in 2003 55% 30%
Fraction of km with car-sharing/
rental
49% 0.8%
Airplane; households with no flights
in 2003
48% 52%
Average distance per household in
2003 (km)
By car 700 10 979
By train, bus, ship (excluding
commuting)
6674 1489
By airplane 6686 6237
Sum 14060 18705
The distances do not include commuting by public transport,
walking and biking, as the distances for these modes of transport
have not been determined.
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14,000 km, reference households travelled almost 19,000 km.
Note, however, that these distances do not include commuting
on the local public transportation system, biking or walking.
In the car-free settlement cars play indeed a very limited
role to meet private transport needs — therefore residents
match the aim and label of the project rather well. In 2003,
more than half of the car-free households did not use a car at
all (Table 2). The one household owning a car is responsible
for more than 60% of total car mileage in the car-free
settlement sample. The remaining mileage was covered by
car-sharing, rental or borrowed cars. According to our
respondents the most important reason to use a car is to do
purchases of bulky items. The situation is quite different in
the reference project. Most of these households own at least
one private car which is the main means of mobility of the
family. On average each household in the reference settle-
ment drives 11,000 km per year. The reference value in the
car-free settlement is 700 km.
4. Householdenvironmental impact calculations
Household environmental impact assessment has been pio-
neered in the field of energy analysis with the calculation of
embodied and direct energy use by different household
groups. The first analyses of this type by Herendeen and
others (Bullard and Herendeen, 1975; Herendeen, 1978; Here-
ndeen and Tanaka, 1976) already combined energy input–
output analysis (IOA) to estimate the energy use for the
products and services consumed by a household with data on
the consumption of different energy carriers by the house-
holds themselves. Today, this type of analysis also takes into
account emissions and potentially resource use and material
flows. For a review of the literature, see Hertwich (2005c). The
objective of this type of analysis is to quantify the contribution
of different household activities or demand categories, such as
food, clothing, transportation and dwellings, to the overall
household environmental impact.
In this study, we started by analysing the environmental
impact of the average Austrian household, using input–output
tables for 2000 (Kolleritsch, 2004), the environmental accounts
of 1999/2000 for air emissions and energy and of 1995 for AOX
and COD (Eurostat, 2001), and data from the 1999/2000
consumer expenditure survey (Klotz, 2002). We found that
transportation and energy use in households are the most
important contributors to greenhouse gas emissions (Haas
et al., 2005). Direct energy use and transportation are usually
not or only incompletely represented in input–output analy-
ses, so we decided to use direct emissions calculations and
life-cycle assessment (LCA) data to model these impacts.
4.1. Input–output analysis
Emissions intensities of commodities in basic prices were
calculated following the standard equation
M ¼ FðI#AÞ#1:
Where A represents the input–output coefficients in
commodity–commodity formulation calculated from make
and use tables using the industry-technology assumption. The
input–output coefficients include both domestic and imported
products A=Ad+Ai (Peters and Hertwich, 2004), where imports
are treated as if they were produced domestically. The matrix
F depicts the emissions or resource use per unit commodity
produced.2 Emissions and resource use per industry sector are
allocated to commodities using the normalizedmake table, i.e.
reflecting the industry-technology assumption. The problem
with using the Austrian environmental accounts as sources
for environmental pressures is that data exists for only a
limited number of stressors (CO2, NOx, COD, AOX, hazardous
waste, energy). A comprehensive assessment of impact
categories as used in LCA (Udo de Haes et al., 2002) is therefore
not possible. The data for some of these categories is outdated
and of poor quality, only the results for CO2 emissions are of
better quality because they need to be reported to the UNFCCC.
The emissions intensities of different commodities in
purchaser prices were calculated from those in basic prices
using tables on trade and transport margins, taxes and
subsidies for the different products. The tables include
information on which sectors produce the different margins,
so that the emissions connected to trade and transport are
included in the emissions intensities of the commodities. The
results indicate that there are many services and products
which have similar emissions per unit expenditure. The
emissions intensities vary between 0.05 kg CO2/€ for educa-
tion to 0.56 kg CO2/€ for paper. Very few commodities show
higher intensities. Some of these are not purchased by
households directly, e.g. basic metals (1.5 kg CO2/€). We
decided not to try to determine the purchase of less important
commodities with emissions intensities that are not far from
the average commodity, because variations in the purchase of
these commodities would not have a significant impact on the
overall household environmental impact. Rather, we decided
to focus on purchases that typically contribute considerably to
the total. These are commodities with high emission intensi-
ties, such as energy and land transport (1.5 and 1.7 CO2/€), and
commodities which take up a significant part of the household
budget (food, hotels and restaurants).
4.2. Life-cycle analysis
We use data from the Eco-Invent database (Frischknecht,
2004) for the Austrian electricity mix and for trains, coaches,
and airplanes. For green electricity, we use the LCA numbers
for a Swiss wind power plant. For car transport, all data
is based on the LCA of a VW Golf A4 (Schweimer and Levin,
1999). Data relating to car production and maintenance was
2 We had to produce our own A table because Statistics Austria
provides an A table only for the commodity-technology assump-
tion in commodity–commodity formulation while emissions data
exists only on an industry basis. Manual manipulations are
involved in producing the A table, and we could not reproduce
this so that we were not able to allocate industry emissions to the
commodities as represented by the A table. Different practices
exist in HEI assessments. Lenzen (2001) also combines make and
use table using the industry-technology assumption, while Peters
and Hertwich (2006) use the A table provided by the Statistical
office.
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captured in a per-km component. This assumes that the
production and maintenance of all cars causes about as much
pollution as the Golf A4. The fuel-related and direct emissions
were captured in a per-liter component. Road infrastructure
was not considered. Emissions for district heating were
obtained from the regional utility (Wallisch, 2004).We included
only direct emissions, not emissions connected to building the
infrastructure. Emissions fromusing the city's public transport
system were calculated from the energy use of Vienna's
transport system (Wiener Linien, 2004), passenger number,
and appropriate emissions coefficients for buses fuelled with
natural gas (Beer et al., 2000). Again, the life-cycle assessment
was not complete as the infrastructure was not considered.
The use of such incomplete assessments is not ideal but can
justifiedby the finding that for energyusingproducts, the energy
use usually dominates in the LCA results (Hanssen, 1998).
5. Comparison of impacts
Table 3 presents the average per capita direct and indirect
emissions in Austria as obtained from the input–output
calculations. This assessmentdoesnot include direct emissions
from transport, because the input–output tables do not specify
thedirect emissions for household transportation. The reported
transportation could not be assigned to specific user groups
based on this information. From the transportation survey, we
estimated the average CO2 emissions to be 0.6 t/person. The
calculations assumed that all products and services consumed
have been produced by using Austrian production technology,
no matter whether they have been produced domestically or
have been imported. This is likely to result in an underestimate
of certain emissions, e.g. those connected to clothing and other
consumer goods (Peters and Hertwich, 2006), but those emis-
sions are not the focus of our study.
The comparison of the two settlements uses the input–
output calculations only for part of the emissions, as
described in the methods section. The evaluation of emis-
sions of the two settlements in Table 4 indicates that in some
categories, the car-free settlement has lower per capita
environmental impacts, while in other categories the
reference settlement is better. The difference is never more
than 20%. For all indicators, the average Austrian household
has higher impacts, and it also has higher expenditures.
Please note that the numbers for toxic waste generation and
energy use are somewhat more uncertain than the other
numbers. The data for primary energy use for the energy and
transport categories was estimated. The assessment of toxic
waste was based only on the IO table. Because of uncertain-
ties in the emissions factors used in connection with the IOA
and the data in the underlying LCA, the emissions estimates
for AOX, COD, and NOx are more uncertain than those for
CO2, which can be calculated quite accurately from a carbon
balance.
In the following analysis we will focus on CO2 emissions,
because of the better data quality and because of the
importance of global warming in the current public debate.
Fig. 1 shows a comparison of the two settlements and the
Austrianaverageusing the categorieswehavedistinguished in
our calculations. Different types of transportation are speci-
fied: public transportation in Vienna, public transportation for
recreation/trips/holidays (i.e. airplanes, trains, busses, ships),
and use of cars, mopeds and motorcycles. The households in
the car-free settlement have lower per capita CO2 emissions.
Per Euro spent, the car-free settlement has 20% lower CO2
emissions than the reference settlement. Transportation's
share of the household CO2 emissions is lower for the car-free
settlement (35%) than for the reference settlement (44%) and
the average Austrian household (42%). In the car-free housing
project, the emissions associated with energy are 25% lower
than in the reference settlement, because there households
use 30% less electricity and have more subscribers of green
electricity, which causes only 10% of the emissions of the grid-
average. The energy-related emissions are much lower in the
two Viennese settlements than in Austria on average, because
of the use of district heating for heating and hot water. Since
waste incineration, an important heat source in Vienna, is
treated as ‘carbon neutral,’ the CO2 emissions are much lower
than those from oil and natural gas, the most important
heating fuels in other urban, suburban and rural areas.
The overall differences between the settlements in CO2
emissions and energy use are lower than the variations within
Table 3 – Distribution of per capita household environmental impacts (HEI) in 2000 based on input–output calculations
Emissions Indirect Direct Total
Areas of consumption Energy Shelter Food Clothing Care Mobility Recreation Other
CO2 [t] 0.84 0.57 0.45 0.21 0.10 0.90 0.51 0.42 1.29 5.30
NOx [kg] 1.23 1.56 2.41 0.64 0.37 4.36 1.79 1.23 1.70 15.27
COD [kg] 0.19 0.75 1.26 0.67 0.34 0.60 1.65 1.90 7.33 14.70
AOX [g] 0.47 1.90 2.09 1.41 2.28 1.59 2.94 3.98 2.93 19.60
Toxic waste[kg] 16.15 9.23 7.10 4.55 1.46 10.07 8.99 11.42 12.64 81.60
Energy [GJ] 3.35 7.04 8.14 4.41 1.57 7.61 7.16 7.13 51.25 97.66
Table 4 – Comparison of annual per capita household environmental impact and expenditure between the two settlements
and the average Austrian household
CO2 [t] NOx [kg] COD [kg] AOX [g] Toxic waste[kg] Energy [GJ] Expenditure [k€]
Car-free 4.2 14 10 15 61 75 12.7
Reference 4.5 13 9 13 54 80 11.2
Average 7.0 16 11 16 72 101 14.3
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the settlements. Thismay come as a surprise, but this result is
not that difficult to explain:
• For the car-free settlement, 53% of the emissions are caused
by the categories food, hotels and restaurants, and ‘other,’
which are estimated using input–output analysis. To
estimate the ‘other’ emissions, we used a typical expendi-
ture pattern as derived from the consumer expenditure
survey. Any systematic variation in these expenditures is
not covered by our assessment. The car-free settlement has
a slightly higher income, which results in a higher impact in
the ‘other’ category (42% of total CO2 emissions, vs. 35% in
the reference settlement). In the categories assessed by LCA,
the reference settlement had 33% higher CO2 emissions per
capita than the car-free settlement.
• The rebound effect is important (Hertwich, 2005a). It is
assumed here that everybody spends all their income; any
money savedby not owning a car goes to someother purpose.
The ‘other’ categoryhasonly 14%of theemissions intensity of
cars (Table 5). If themoney saved by not owning a car is spent
on air transport, much higher emissions can result. As far as
we could determine, these households eatmore out and have
a higher consumption in the ‘other’ category.
• For the car-free settlement, air transport accounts for 64% of
the CO2 emissions associated with energy and transport. For
the reference settlement, this number is only 43%. The per
capita CO2 emissions of energy and transport not consider-
ing air transport are 720 kg (16% of total) in the car-free
settlement and 1500 kg (36%) in the reference settlement.
The car-free settlement also has a lower emissions intensity
value for holiday transport including air transport, because
of the use of trains and buses instead of the car.
Past investigations of energy use and of CO2 emission of
households based on CES have shown that both variables are a
strong function of income (Herendeen, 1978; Herendeen and
Tanaka, 1976; Lenzen et al., 2006; Moll et al., 2005; Stokes et al.,
1994;VringerandBlok, 1995;Wieretal., 2001). Incomeelasticities
of energy use are commonly between 0.6 and 0.9 (Hertwich,
2005c). This result may be, to a certain degree, a modelling
artefact, because indirect energy use and emissionsweremostly
determinedwith IOAand therefore are systematically correlated
with the expenditure level. In addition, environmental differ-
ences between, e.g. buying one luxury car or two inexpensive
family cars at the same cost cannot be distinguished. Similarly,
spending more money on buying organic food is modelled as
resulting in higher impacts compared to buying the same
products from conventional products. This problem of course
also affects our study. Despite these shortcomings the investi-
gation of the relationship between expenditure and CO2 emis-
sions still provides some interesting insights.
Fig. 2a indicates that inour twosamples, there is a fairlywide
scatter of CO2 emissions especially for higher income. The
situation changes when we subtract air transport, as Fig. 2b
shows. There is a high correlation between income and CO2
emissions for households across settlements that do not own a
car. The income elasticities are similar, 0.88 and 0.82, as the
power-law fit in Fig. 2b shows; that is, the car-freehouseholds in
the reference settlement are very similar to the car-free
settlement. For the car-owning tenants of the reference
settlement, however, the correlation of emissions with income
is much lower and the income elasticity is only 0.44. This is a
very interesting result: the car establishes a ‘necessity’ with a
‘stable’ CO2 emission level relatively independent of income. It
implies that once the car has been purchased, behaviour – that
is, car use – becomes more important while the relative
importance of income for household CO2 emissions decreases.
Looking at our whole sample, there is little correlation
between income and air transport (r2=0.03) and no correlation
between theCO2 emissionsof ground transport andair travel. In
our sample, there is hence no indication that the money saved
from not owning a car is systematically diverted to air travel.
Table 5 indicates the CO2 intensity of the different con-
sumption categories investigated.Most consumption categories
contain emissions intensities either from several IO categories
(‘other’) or from life-cycle assessment, and they are weighted
results. The low emissions intensity for ‘car and moped
transport’ for the car-free settlement, for example, results
from the fact that car rental/sharing is more expensive per
km. It shows that many categories have a similar CO2 intensity.
Fig. 1 –Per capita CO2 emissions (in kg/capita) and average
emission intensities (in kg/Euro) of the two settlements in
comparison with the average Austrian.
Table 5 – CO2 emissions intensity in kg CO2/€ for different expenditure categories
Energy Public transport Holiday transport Car moped Food Hotel restaurant Other Total average
Car-free 0.96 0.35 4.50 0.54 0.24 0.18 0.19 0.33
Reference 1.50 0.47 7.37 1.45 0.24 0.18 0.19 0.40
Average 3.08 0.40 6.52 1.49 0.24 0.18 0.19 0.49
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Only those with intensities significantly different from the
average can cause substantial deviations from a linear relation-
ship between expenditure and CO2 emissions. For our two
samples, these are air transport, energy use, and car use. The
physical design of the buildings (insulation, heating system,
design) conditions much of the energy use, so that only car use
and air planes contribute to a substantial difference among the
samples. There seems to be no correlation between car use and
income in the reference settlement.
6. Social aspects of consumption choices
The survey indicates that there are two distinct causes for the
lower CO2 emissions in the car-free settlement: differences in
the mobility patterns and the popularity of green electricity.
Environmental effects of other ecological behaviour, such as
recycling, the purchase of organic food and low-meat diets
could not be determined in this study. We reasoned at the
outset that both infrastructure aspects (e.g. bicycle parking and
repair facilities) and social mechanisms that define ‘normal’
behaviour would be important for shaping the consumption
patterns in the car-free settlement. Wewere interested in how
the tenants perceived this settlement, how they interacted
with their neighbours, whatmotivated the choice ofmoving to
the settlement, andwhethermoving there resulted in a change
of behaviour. In preparing for the survey, we conducted 5
interviews with building managers and the tenants' represen-
tatives. In the survey, therewas a number of questions relating
tomotivations, neighbourly relationships, self-perception and
Fig. 2 –Total CO2 emissions per household, (a) with and (b) without air transport, as a function of household income. For the
reference settlement (ref), we distinguish between households with and without cars.
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perception of others, and ecological motivation. After the
survey, we conducted four in-depth interviews in the car-free
settlement with residents representing typical styles of
consumption.
6.1. The role of infrastructure
We asked tenants to list the five most important motivations
for moving to the settlement. Our survey follows a post-
occupancy survey which was conducted 18 months after the
car-free settlementwasopened (GutmannandHavel, 2000). The
results in Table 6 indicate that for the car-free project, the
proximity to the recreation area ‘Alte Donau’, the shared
facilities and the quality of the surroundings are the most
important motivating factors. The car-free feature was less
important. Only 10 out of 42 respondents have mentioned the
car-free feature as relevant for their decision. These results are
similar to those obtained in the post-occupancy survey
(Gutmann and Havel, 2000). For the reference settlement more
reasons formoving into the settlementwere named. There was
a larger share of people who needed to move, but the attributes
of the apartments and surroundings were also important.
The car-free feature and the ecological aspects were
decisive for only a minority of tenants who moved to the
settlement. According to the post-occupancy survey, only 50%
of the male and 30% occupants have owned a car at any time
of their life (Gutmann and Havel, 2000). We do not know the
shares for the reference settlement but it is important to note
that the mobility patterns of the tenants of the car-free
settlement are significantly different from those of the
reference settlement:
• According to our results it is clear that bicycles are a major
means of transportation in the car-free settlement; and the
existing facilities support this mode of transport to a certain
extent. Easy access to and space for bikes were already
important topics during the planning process of the buildings.
Future tenants argued for additional bicycle sheds – against the
landscape planner's initial concept – and succeeded. Although
households in both settlements are quite well equipped with
bicycles (with approximately one bike per person), the use
patterns differ significantly.While in the car-free project 36% of
all respondents have used their bicycle on more than 200 days
in theyear 2003, only 9%showed the sameextensivebikeuse in
the reference settlement.3 Despite this large difference it is
difficult to assess the role of the bike-friendly facilities. Those
conditions are important, but perhaps only a part of the overall
setting. It seems thatmany people, when theymove to the car-
free settlement, change their mobility habits. For example, 41%
of therespondentssay that theyhavestarted touse theirbicycle
muchmore often than before (reference settlement: 22%).4
• We know from some of the qualitative expert interviews
that car-sharing in the car-free project was less ‘successful’
than the car-sharing company had expected. They started
with five cars, but due to little interest the company had to
reduce the number to three. The results from our survey
could also be interpreted in this way. Only 41% of all
respondents have used car-sharing during the studied
period, the year 2003, and covered an average distance of
about 600 km. In comparison only 7% of households in the
reference settlement (without car-sharing facility) have used
car-sharing in 2003. Although it is very easy to rent a car in the
3 These results were obtained by interviews and are hence
based on recollection. The travel survey literature indicates that
recollection-based estimates are less reliable than estimates from
travel dairies. The difference between the two samples is so large,
however, that we are confident that it is real.
4 In one of the interviews this change is described in the
following words:‘…it is because of this settlement that I am living
again in a bicycle-friendly environment. When I came here, I
bought a new bike, and I use it a lot. I was used to do things this
way many years ago, than I had no bike for about 10 years. Since I
moved here, I have been using my bike for many different trips’
(interview 1).
Table 7 – Ecological awareness in the settlement
Statements Car-free
project (%)
Reference
settlement (%)
Very and fairly true
In this settlement we have much
more ecofriendly people than in
similar settlements
92 27
Waste separation is very
important in this settlement
44 20
Green consumption is an
important topic of conversation in
this settlement
34 2
Table 8 – Social control regarding ecological behaviour
Statements Car-free
project (%)
Reference
settlement (%)
Very and fairly true
Everybody knows everything
about other people in the
settlement
24 19
Sometimes I observe that
neighbours do not separate their
waste
26 11
If somebody from the settlement
buys a new car, everybody will
know it
49 5
Table 6 – The most important motivations to move to the
settlement
Five most important
motivations
Car-free
project (%)
Reference
settlement (%)
Recreation area ‘Alte Donau’ 85 58
Generous common areas and
facilities
81 17
To live in a ‘green’ and
healthy environment
73 61
Quiet site/no noise pollution 71 61
Bright, sunny apartment 68 54
Need for more living space 44 63
Good floor plan 46 61
For a full list, see Haas et al. (2005).
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car-free settlement, tenants use this offer quite hesitantly.
Most car-freehouseholds cover theirmobilityneedsbymeans
of public transport and bicycle. On average, car-free house-
holds travel 10 times as far by train as by car and bus. In
contrast, train transport covers only 13% of the distance of car
transport for respondents in the reference settlement.
6.2. Attitudes and perceptions
A number of questions in the survey addressed both the
importance of environmentally friendly consumer behaviour
and of attitudes and perceptions. Most of the respondents think
that there are much more eco-friendly people in the car-free
settlement than insimilar settlements inVienna. Incontrast only
a minority in the reference settlement feels confident with this
statement.Differencesbetweenthe twosettlementswithregards
to behaviour are also indicated by the importance of waste
separation and green consumption as a topic of daily conversa-
tions in the car-free settlement. One third of all respondents in
the car-free settlement think that green consumption is a
relevant and frequent topic. In the reference settlement only
one of all (46) interviewed persons shares that opinion. There is a
clear difference in the perception of the general ecological
awareness between the settlements. Ecological awareness
plays a more important role as part of the social norms. It can
be expected to act as reinforcing certain behaviours in the car-
free settlement than in the reference settlement (Table 7).
6.3. Social cohesion and social control
Another important element of the social conditions within
groups and more specifically within a settlement is social
control. For our problem it was important to measure forms of
social control regarding theecologically relevant behaviour.Here
the relevant question is as follows: To what extent do tenants
recognizehowotherpeople in the settlement live?Wehaveused
several items to measure this question. In all cases the results
show clear differences between the two settlements. In the car-
free settlement the share of well informed tenants is much
higher than in the reference group. It seems, however, that with
the exceptionof car non-use, social control is not a big issue.Half
of the respondents believe that it would not be possible for
tenants to buy a car without everybody knowing it (Table 8).
Althoughbothcasesettlementshavebeendevelopedaround
a specific theme, car-free living versus for women-designed
housing, the identification with the settlement seems to be
much higher in the car-free project. Eight of ten respondents in
the car-free settlement think that ‘many tenants are proud to
live especially in the car-free settlement’. In comparison, in the
reference settlement only three out of ten respondents think
that this view is shared by their neighbours. This is further
exemplified by the statements presented in Table 9.
With regards to social cohesion the comparison between
the two settlements shows significant differences as well:
While most of the respondents in the car-free settlement are
convinced that social cohesion is very strong in their
neighbourhood, in the reference settlement only a minority
believes this to be true. Similarly, more than eight of ten car-
free tenants think that ‘the solidarity within the settlement is
very strong’, that ‘there is a good neighbourly atmosphere’ and
that it is ‘very common to help each other’. Only this last point
regarding the helpfulness in the settlement seems to be of
some relevance in the reference settlement as well (Table 10) .
We know from some of the qualitative interviews that there
is a very active community in the car-free settlement. Every
year there are some self-organised festivities and flea markets
in the courtyard.Moreover,most of the common facilities in the
car-free settlement are managed by some residents them-
selves. Therefore it is not surprising that all respondents (100%)
in the car-free settlement say that there are ‘many joint
activities for all residents.’ In the reference settlement only
one out of ten subscribes to this statement. In general, residents
in the car-free settlement maintain much more social contacts
with neighbours in their settlement. On average respondents in
the car-free settlement estimate that they have 16 friends in the
settlement and know more than 100 by sight, compared to 7
friends and 62 known neighbours in the reference settlement.
In the car-free settlement it is also more likely that people did
know some residents before they moved in (Table 11) .
6.4. Information flow
Finally, there are also clear differences between the two
settlements regarding the possibilities and ease to get
Table 9 – Identification with the settlement
Statements Car-free
project (%)
Reference
settlement (%)
Very and fairly true
Many tenants are proud to live in
our settlement
82 29
Compared to other new
settlements in the neighbourhood
our settlement is very special
72 36
Table 10 – Social cohesion in the settlement
Statements Car-free
project (%)
Reference
settlement (%)
Very and fairly true
The solidarity within the
settlement is very strong
87 24
There are good neighbourly
relationships in this settlement
85 18
To help each other is very
common in this settlement
85 47
Table 11 – Social contacts within the settlement
Questions Car-free
project
Reference
settlement
Number of people
(average)
How many people in the settlement
would you call ‘friends’?
16 7
Howmany people did you already know
before you moved to this settlement?
2.7 0.2
How many residents do you know by
sight?
101 62
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information on ecological issues. Respondents in the car-free
settlement are more or less in complete agreement that it is
easy to get information on ecological consumption in the
settlement. Most of this information is provided by residents
which are active in various initiatives (outside the settlement).
Most residents are registered on the internal mailing list that
works as an effective means to spread information to most of
the neighbours. One third of the respondents in the car-free
settlement think that environmentally friendly consumption
is an important topic of conversation. After all, three out of ten
respondents stated that environmental topics are often on the
agenda in conversations with neighbours. The situation in the
reference settlement is completely different. The neighbour-
hood is not seen as a source of environmentally relevant
information at all (Table 12) .
6.5. Relationship between social factors and environmental
impacts
The respondents describe their settlements in very different
terms. The car-free settlement seems to be a kind of small
villagewithin the city: a villagewhere people know each other,
a place with a colourful social life and with plenty ecologically
aware residents. In contrast to that description the reference
settlement seems to be more typical for Vienna: It is a nice
place to live but the neighbourhood is not dominant in any
way. One can enjoy urban anonymity, if desired. But is there
an empirical relationship between those diverse social condi-
tions in the settlements and the environmental impacts of
households? Table 13 indicates that there is in fact a
correlation between the perception of the ‘social life’ in the
settlement and the environmental impact; even if it is not the
overall CO2 emission which could be explained by settlement
attributes. There is a notable statistical relationship (indicated
through a significance level of at least 0.05) between environ-
mental awareness, social control in the neighbourhood, social
contacts in the settlement, and the availability of ecological
relevant information in the settlement and the carmileage per
year. On the other hand, there is absolutely no correlation
between those items and air travel.
The high empirical variance of CO2 emissions per capita in
both samples is mainly a function of air travel (Pearsons
Table 12 – Information about environmentally friendly
consumption in the settlement
Statements Car-free
project
(%)
Reference
settlement (%)
Very and fairly true
It's easy to get information on
environmentally friendly
consumption in the settlement
87 0
Environmentally friendly
consumption is an important topic
of conversation in the settlement
34 2
Environmental topics are often on
the agenda in conversations with
my neighbours
29 2
Table 13 – Correlations between settlement attributes, CO2
per capita, air travel, and car travel
Settlement
attributes
CO2 per capita (t) Air travel
(km)
Car travel
(km)
Kendall–Tau-ba
Environmental
awareness
− .052 − .150 .305(⁎⁎) b
Social control .135 .022 .180(⁎)
Identity − .022 − .069 .129
Cohesion .177(⁎) − .006 .159
Social contacts .207(⁎⁎) .006 .258(⁎⁎)
Information .039 − .105 .339(⁎⁎)
⁎⁎Correlation is significant at the 0.01 level (2-tailed).
⁎Correlation is significant at the 0.05 level (2-tailed).
a Kendall–Tau-b is a correlation coefficient that works well with
ordinal levels of measurements (this is the case with the perceived
social conditions). It does not need a normal distribution and its fits
with small samples. In our case it measures the “strength of
relationship” between perceived social conditions in the settlement
(and other subjective items) and ecological behavior (air travel in km
and car travel in km). The value ofKendall–Tau-b lies between− 1 and
1. The value 1means that the agreement between the two rankings is
perfect. If the rankings are independent, the coefficient has value 0.
b Please note that the questions were phrased in a way that a lower
value for the variable “environmental awareness” corresponds to a
higher level of actual awareness. The positive sign indicates that
the higher the awareness (i.e., the lower the value) the fewer
kilometers had been traveled by car.
Table 14 – Correlations between individual attributes, CO2
per capita, air travel, and car travel
Attributes and Statements CO2 per
capita (t)
Air
travel
(km)
Car
travel (km)
Kendall–Tau-b
Education (respondent only) − .008 .060 − .085
I regularly read articles about
ecological issues in
newspapers and magazines
− .125 − .088 .081
I am very interested to
watch reports on ecological
issues in TV and radio
− .022 − .034 .138
Environmental consumption is
very important regarding
energy
.014 .057 .120
Environmental consumption is
very important regarding travel
and mobility
.194(⁎) .148 .343(⁎⁎)
Environmental consumption
is very important regarding food
− .078 − .049 .045
Environmental consumption is
very important regarding
waste
− .074 − .081 .045
Many friends of mine are
interested in environmental
issues
.027 − .070 .121
Many friends of mine do not own
a car
.199(⁎) .089 .369(⁎⁎)
Many friends of mine prefer
organic food
.074 − .108 .082
⁎⁎Correlation is significant at the 0.01 level (2-tailed).
⁎Correlation is significant at the 0.05 level (2-tailed).
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r=.897). Households with high air travel mileage score high in
CO2 emissions. It seems that air travel (measured in km per
household) is not dependent on other (observed) variables. It is
neither a factor of settlement attributes nor of individual
attributes of the respondents. All in all, only few individual
factors correlate with measured environmental behaviour. As
Table 14 shows there is an empirical relationship between
environmental awareness concerning travel and the actual
car mileage per year. In addition, it seems that households
with low car mileage have more friends who do not own a car
as well. Other sociological variables, like education, level of
information, or specific indicators of environmental aware-
ness, show absolutely no correlation.
7. Discussion
Our main findings can be summarized as follows:
1. The car-free housing project has lower CO2 emissions,
measured per household, per capita, or per € spent, than
the reference settlement. Both settlements have lower
emissions than the Austrian average, which can be
explained by the lower income and factors related to larger
family size, the use of district heating, and lower mobility
needs. Avoiding car use is the most important reason for
reducedCO2 emissions, but thepurchaseof greenelectricity
is also important. The emissions of a household in the car-
free settlement connected to ground transportation and
energy are less than half of those in the reference
settlement.
2. There are higher levels of environmental concerns in the
car-free settlement, and its residents seek information on
environmental issues. They also have more social contacts
and there is more cohesion in the car-free settlement.
These factors seem to contribute to reduced car use, but
only social cohesion and social contacts are significantly
correlated with reduced per capita CO2 emissions. Envi-
ronmental behaviour in general and the avoidance of car
use in particular seem to be important issues of discussion.
We conclude that this social climate tends to reinforce
environmentally friendly behaviour.
3. The emissions connected to the remaining household
purchases are substantial and in fact dominate the overall
HEI of both settlements. For the Austrian average, house-
hold energy use and ground transportation account for
nearly half of the total HEI, but these values are lower for
residents of the reference settlement and probably for
Vienna in general, both because of the heating infrastruc-
ture and denser housing and because of the higher
importance of public transport for daily transport needs.
The high importance of these items and the higher income
in the car-free settlement explain why the difference in
per capita CO2 emissions is only 7%. This indicates that it is
important to assess all household purchases, not only a
selected few.
4. Air transport has the highest emissions intensity of all
purchases assessed. For the car-free settlement, air trans-
port is responsible for more than twice the CO2 emissions
of ground transportation plus energy. The distances are
slightly higher than in the reference settlement, but close
to the average Austrian household. From the interviews
and the survey, we have no indication that vacation
destinations are subject to the environmental discussions
in the car-free settlement. The results also show that there
is no empirical correlation between income and air
transport. Moreover, there is no indication that the
money saved from not owning a car is systematically
diverted to air travel.
5. It was our hypothesis that environmentally conscious
consumption behaviour in the car-free settlement would
extend to other areas of behaviour as well. We did not find
a difference in the consumption of organic food, whichwas
high in both settlements. For other types of behaviour, our
survey was too coarse. We did not find satisfactory ways to
identify differences in the consumption of food — an
important category. We did not attempt to assess recycling
behaviour, because it has relatively little impact on CO2
emissions. For the ʽother' category, the input–output
analysis treats fairly broad classes of goods as homoge-
neous commodities. The environmental differences be-
tween buying hand-made wooden toys and mass-
produced electronic toys cannot be distinguished — both
have the same emissions coefficient per unit expenditure.
The hypothesis could hence neither be confirmed nor
falsified.
In the following, we would like to discuss the merit of our
novel approach, as well as the lessons to be drawn for sus-
tainable consumption.
Our approach allows for a calculation of total household
environmental impact from evidence collected by a 1-hour
interview and reference to utility bills. With that, HEI
assessment can be developed into a routine assessment tool
for environmental projects and policy, taking into account
more than the specific aspects of a project and hence is able to
quantify part of the rebound effect. We feel fairly confident
about the emissions calculations for transport and energy,
because we had access to utility bills and we judge the
information we received on car mileage and holiday destina-
tions to be reliable. Errors for individual households should
not be larger than +/− 20%, and errors for the settlement
averages are correspondingly smaller.
Variations in the composition of other expenditure, from
food to services and toys, are much more difficult to capture.
The commodity groups in the input–output analysis probably
mask significant differences in the emissions intensity of
individual items. It is simply unknown whether systematic
differences in consumer preferences of these items can indeed
affect the overall HEI. Bottom-up calculations of different
dishes (Carlsson-Kanyama et al., 2003), for example, show that
there can be substantial differences. Whether these are also
borne out in diets of real people is unclear. Analyses of
consumer expenditure surveys using energy or emissions
intensities derived from input–output analysis cannot identify
significant differences in HEI apart from the factors of car
ownership and house type which we have included (Hertwich,
2005c; Peters et al., 2006).
The study shows that the two settlements are indeed fairly
similar. This was of course part of the study design. The aspect
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in which they differ is the car-free feature. Tenants in the car-
free settlement show a higher level of environmental aware-
ness, and this awareness is translated to ecologically sound
travel behaviour regarding ground transport (extensive use of
bicycles and public transport for daily needs), the purchase of
green electricity, but not air transport.
A number of interesting results was derived from investi-
gating the motivational and social aspects and differences
between the two settlements. For example, the study shows a
significant difference in the social cohesion between the two
settlements. Somehave argued that social interaction can lead
to lifestyle satisfaction which can reduce the desire for
consumption (Kempton, 1993). It could be that the innovative
features of the car-free settlement,withmuch space and social
institutions (e.g., a listserv) to interact, play an important role
in contributing to satisfaction with the chosen lifestyle. The
social cohesion can also contribute to social pressure and
social reinforcement of ecological behaviour. These features,
however, could also be a result of the genesis of the project and
the self-selection of tenants, although both settlements are
theme settlements and had the opportunity to influence the
settlement characteristics.
8. Conclusions
This study indicates that the car-free housing project has
indeed lower CO2 emissions, measured per household, per
capita, or per € spent, than the reference settlement. Both
avoiding car use and purchasing green electricity are effective
in reducing the respective CO2 emissions in the car-free
settlement. The emissions saved from not using a car are
higher than those from buying green electricity. The two
settlements have lower emissions than the Austrian average,
which can be explained by the lower income and factors
related to larger family size, the use of district heating, and
lower mobility needs. Due to the importance of air transport
and of the residual expenditure categories estimated by the
input–output analysis, the difference in CO2 emissions
between the two settlements is small. More detailed data on
nutrition and other expenditure would be needed to confirm
that there is indeed no systematic difference in the remaining
expenditure categories.
Moving to the car-free settlement is not the main reason
that people do not use a car anymore. Many residents have
decided to livewithout a car long before theymoved to the car-
free settlement. Nevertheless, the issue ‘car-use’ in the car-
free settlement is still a very important conversational topic in
the settlement. This contributes to the stabilization of the car-
free habit of the tenants. It seems that residents in the car-free
settlement have changed their daily mobility routines perma-
nently. Most of the daily mobility needs are covered by public
transport and by bicycle. The ecologically conscious micro-
culture in the car-free settlement helps to reproduce and
stabilize these habits on a daily basis.
What we can learn from this investigation for the
stabilization of more sustainable consumption patterns is
that both factors social climate and infrastructure are
important for facilitating behavioural change. In addition,
the growth of air travel can easily offset gains from reduced
car use. The results presented here underestimate the
relative impact of air transport on climate change, since it
neglects the important effects of water emissions at high
altitudes (Royal Commission on Environmental Pollution,
2002). Other studies have highlighted the contribution of air
transport to the environmental impact of transportation
(Norland et al., 2005).
We have demonstrated that the sustainability of consump-
tion patterns of specific populations can be studied without
administering a full-scale consumer expenditure survey, and
that interesting results can be obtained. A combination of
lifecycle analysis and input–output analysis is required to
study the emissions, and the approach should be informed by
using available statistical information on household con-
sumption patterns. Improving the sustainability of consump-
tion patterns requires looking at the impact of the entire
household consumption and investigating the underlying
motivations and constraints to behaviour set by infrastructure
and habits.
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